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[57] ABSTRACT 

An ink cartridge is removably attached to a serial printer. 
The ink cartridge has a memory device in which information 
on the ink cartridge is stored. The information may include 
information such as viscosity, temperature coefficient, the 
hue and brightness of color ink, various user's settings of 
density of a printed image and color tone of a printed color 
image, and identification data indicative of a kind of the ink 
cartridge. A controller in the printer determines whether the 
attached cartridge is suitable for use with the printer, by 
comparing the identification data read from the ink cartridge 
with the reference data stored in the printer. The information 
may also include data of a maximum count of dots that the 
ink cartridge is capable of printing and data of a cumulative 
count of printed dots that the cartridge has printed. The 
printer includes an adder for producing sum of a number of 
dots currently being printed and the cumulative count of 
dots, and stores the sum as a new cumulative count into the 
ink cartridge. The printer indicates to the user when the ink 
of the cartridge is about to run out. A capacitor having a 
capacitance value corresponding to a kind of the ink car- 
tridge may be provided in the cartridge. The printer gener- 
ates data similar to the identification data to identify a kind 
of ink cartridge. 

6 Claims, 4 Drawing Sheets 
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PRINTER AND PRINTING CARTRIDGE kind of ink in the ink cartridge. The identification data is 

THEREFOR stored in a first memory of the ink cartridge. The printer 

includes a controller that compares the identification data 

BACKGROUND OF THE INVENTION read from the ink cartridge with the reference data in the 

™ A . . , i4 ■ i • * • l ■ ■ 5 printer to determine whether the identification data matches 

The present invention relates to a serial printer in which fi_ * j.^-i * -j *ij j 

. r i . _ j * 4 , . i i. . * the reference data. The ink cartridge may include a second 

print operation is performed by using the ink supplied from . i_* i_ j . • j. % • u c 

r .. r i_ j * *i_ • * mt » «-i memory m which data indicative of a maximum number of 

an ink cartridge attached to the printer. The term ink . 4 t , ' . . n _ . , . r . 4 . . , , , 

. •» j» • , . 4 .. *■ . u *i_ i dots that the ink cartridge is capable of printing is stored, and 

cartridge is used in this specification to cover both an ink . , / . « r , t . ? c I ' . , 

. * . r j • * i ■ * ■ * j a third memory m which a cumulative number of printed 

cartridge, in a narrow sense, used in ink jet printers and an , . . , ~_ 4 „ , , ... ,f 

• i -ll ^ -j j ■ • • . 10 dots is stored. The controller mcludes a bit adder for 

ink ribbon cartridge used in impact printers. . . , - , . , . ■ . j . 

° producing number of dots currently bemg pruited and the 

Serial printers such as an ink-jet printer and an impact cumulative number of dots stored in the third memory, and 

printer use an ink cartridge detachably attached to the stores the sum as a new cumulative number of dots into the 

printer. For example, when the ink m the cartridge has been third meraory . When the difference between the cumulative 

used up or the ink ribbon has been dned up due to a large 15 number 0 f dots and the maximum number of dots is less than 

volume of print or long period of use, the ink cartridge is a certain value> me controller indicates to the user that the 

replaced with a new, unused cartridge. ^ of the car tridge is about to run out. 

Generally, a serial printer is designed to use the ink DFSPRTPTlfW OF THF nRAWTMfis 

specially designed for the printer. An accidental use of an ink BRILF DESCRIPTION OF THE DRAWINGS 

cartridge having different ink characteristics of the designed 20 FIG. 1 is a block diagram showing a serial printer 

ink will result in poor print quality and/or damage to the according to a first embodiment of the invention, 

print head. For example, for ink jet printers, differences in FIG. 2 is a block diagram showing a serial printer of a 

ink viscosity cause troubles such as poor print quality and second embodiment. 

clogging of the nozzle of the print head. For impact printers, fig. 3 is a block diagram showing a serial printer of a 

differences in composition of the ink of the ink ribbon will 25 third embodiment. 

cause the pins of the print head to rapidly wear out and FIG. 4 is a timing chart of the serial printer of the third 

greatly decreases the life of the print head. embodiment 

In order to determine whether the ink cartridge attached to ncTAII cri r, CC /-DTDnr>xr tod 

the printer is a proper type, each type of ink cartridge is DETAILED J^OTPTTON OF THE 

conventionally provided with a particular projection and the 30 IN VfcIN 1 ION 

projection is detected by the printer when attached to the Embodiments of the invention will now be described in 

printer. Alternatively, an ink cartridge is provided with a detail with reference to the drawings. Like elements have 

piece of permanent magnet and the magnet is detected by a been given like numerals throughout the drawings. The 

Hall-sensor in the printer. However, the problem is that it is present invention will be described with respect to an ink-jet 

difficult to determine whether or not an ink cartridge is 35 printer as a serial printer. 

suitable for use with the printer if the ink cartridge is filled First Embodiment 

with ink not suitable for use with that serial printer but is of FIG. 1 is a block diagram showing a serial printer 

the same shape as or very close in physical shape to the according to a first embodiment of the invention, 

cartridge filled with suitable ink. If an ink cartridge is A serial printer 1 includes a printer body 2 and an ink 

designed to be too simple to check whether or not the 40 cartridge 3 which is attached to the printer body 2. The 

cartridge is suitable for use with that printer, copy products printer body 2 incorporates a controller 5 (referred to as CPU 

of that type of ink cartridge may readily be produced, 5 hereinafter) for controlling the entire operation of the 

leading the users to accidental use of an ink cartridge not serial printer 1. The CPU 5 communicates with a print 

suitable for the printer. controller 7 for controlling print operation, interface 8 for 

45 receiving data to be printed from a host system, a memory 

SUMMARY OF THE INVENTION 6 in which a control program and data are stored, and 

An object of the invention is to provide a serial printer in °P erati °* ^ 9 ^ P rint ^Ite 7 communicates with 

which ink cartridges having close physical appearance are a P™thcadl^ spacing motor 11 (SP motor 11 1 for spacing 

identified so that the users are prevented from using the ^ of a carna S?' and a hn ^ cd m0t0r 12 < LF motor 

wrong cartridge or a copy product having unsuitable ink 50 12 /or transportmg the paper line by line. The print con- 

quality. trailer 7 receives print data and a print-initiating signal from 

A " i_-.ru- ■• * * the CPU 5, and carries out printing operation of the received 

Another object of the invention is to provide a serial data ^ operating , 9 ided ^ . ^ 

printer id . which printing operation is earned out in accor- shown, which indicates the operating conditions of the serial 

dance with the charactenstics of the ink in the ink cartridge. 55 printer x to ^ operaton 

Astill another object of the invention is to provide a serial The ink cartridge 3 is detachably mounted to the carriage, 

printer in which the operator may write particular settings not shown, in the printer body 2. The ink cartridge 3 

according to the operator's desire into a writable non- incorporates a ROM 4 in which one item of identification 

volatile memory of the ink cartridge, so that attaching the data indicative of the kind of ink in the ink cartridge is 

cartridge to the printer immediately allows the operator to 60 stored. The ROM 4 has connection terminals 4a and 4b, 

make print with the desired print conditions. which are connected to a connector, not shown, on the 

An ink cartridge is provided with a memory device in carriage when the ink cartridge 3 is mounted to the cartridge, 

which information on the ink cartridge is stored. The infor- The connector is in turn connected to the CPU 5 in the 

mation may include viscosity and temperature coefficient of printer body 2. The reference data is previously stored in the 

the ink, the hue and brightness of color ink, individual user's 65 memory 6, which reference data is the same data as the 

settings of density of a printed image and color tone of a identification data of the ink cartridge 3 filled with ink usable 

printed color image, and identification data indicative of a for the serial printer 1. 
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The cartridge -identifying operation for identifying a kind the derived viscosity, thereby properly driving the print head 

of ink cartridge according to the first embodiment will be in accordance with environmental condition for quality 

now described. print. 

When the CPU 5 receives the data to be printed via the If the ink characteristic data includes time required for the 

interface 8 from a host system with the ink cartridge 3 5 ink to dry up, the CPU 5 extends a waiting time between the 

attached to the printer body 2, the CPU 5 reads the identi- completion of the printing of one line and the starting of the 

fication data stored in the ROM 4 of the ink cartridge 3. The next scanning if the dry-up time is relatively long, or 

address in the ROM 4 for accessing the identification data is transports the printed paper more slowly so that there is 

specified in the control program which is run by the CPU 5. enough time for the ink to dry up before discharge of the 

The CPU 5 reads the reference data from the memory 6 and 10 printed paper. This mode of operation eliminates poor print 

compares the reference data with the identification data. If quality due to splash of ink when ink is jetted onto an area 

the reference data matches the identification data, the CPU of the paper where previously jetted ink droplets are still 

5 determines that the ink cartridge 3 is filled with suitable wet, or prevents the still wet ink from soiling the printed side 

ink, and therefore the CPU 5 outputs the received print data of the paper when the user takes up the printed paper, 

and the print initiating signal to the print controller 7. The 15 If the printer is designed to perform color print, an ink 

print controller 7 drives the print head 10 to print in response cartridge filled with primary colors is used so as to produce 

to the command. composite colors by mixing the primary colors. The ink 

When the identification data does not match the reference characteristic data includes information on the hue and 

data, the CPU 5 determines that the ink cartridge is filled brightness of primary colors, so that the proportion of ink of 

with ink not suitable for use with the printer. The CPU 20 the respective color to be mixed is determined by the 

therefore does not output a print initiation signal to the print information for printing desired color. In other words, for 

controller 7. The lamp of the operation panel 9 indicates to example, if a cartridge is filled with three kinds of ink, i.e., 

the operator that the ink cartridge 3 should be replaced. yellow, magenta, and cyan, the proportion of the ink amount 

As mentioned above, when the CPU 5 receives the print may be different from a cartridge filled with three kinds of 

data, a check is made to determine whether the attached ink 25 ink, i.e., red, green, and blue. Even if a cartridge is a type 

cartridge is suitable for use with the printer. The check may which uses yellow, magenta, and cyan, the proportion may 

also be made when the serial printer is turned on or shortly still be changed if the yellow, magenta, and cyan have 

after the cartridge is replaced. In such cases, the serial printer different brightness from each other. This change in propor- 

does not perform print operation but enters standby condi- tion allows color print to be adjusted in accordance with the 

tion if the identification data matches the reference data. 30 colors of ink in the ink cartridge, increasing repeatability of 

Although the first embodiment has been described with the same tones of color to improve color print quality, 

respect to the ROM 4 in which only one item of identifica- The print operation may be controlled by using the data of 

tion data is stored, a combination of a plurality of items of the characteristics of the ink stored in the ROM of the ink 

data may also be stored for enhanced protection. The ROM cartridge. This is advantageous if ink cartridges are available 

4 may be protected against copying, so that the data will be 35 in some variations or a new kind of cartridge is to be added 

destroyed if one attempts to copy the identification data in to the existing product line. When a new type of ink contains 

the ROM 4, thereby preventing one from making a copy different compositions so that ink exhibits entirely new 

product of the ink cartridge. characteristics, simply writing the data of the new kind of 

In the first embodiment, the identification data is stored in ink into the ROM ensures optimum printing operation 

a passive circuit such as a ROM. The identification data may 40 without a need for changing or readjusting the control 

also be stored in an active circuit such as a combinatorial parameters on the printer side. This enhances the versatility 

logic circuit, CPU, and so on for the similar result. of the printer. In addition to the data of the characteristics of 

The data stored in the ROM 4 may include ink data ink, the date of manufacture of the ink cartridge may be 

indicative of the characteristics of the ink in the cartridge. If stored in the ROM. A calendar function may be incorporated 

the ROM 4 includes both the identification data and the ink 45 in the printer and the CPU 5 compares the current' date sent 

data, the CPU 5 first reads the identification data to identify from the host apparatus with the manufacture date stored in 

the cartridge to determine whether the cartridge is suitable the ROM of the ink cartridge to determine the elapsed time 

for use with the printer, and then reads the ink characteristics from when the ink cartridge was manufactured. Printing 

data if the identification data matches the reference data. The operation may be prohibited if the elapsed time is too long, 

CPU 5 then controls the printing operation of the data in 50 thereby preventing detrimental effects which result from the 

accordance with the ink characteristics data. use of too old ink. This improves reliability of the printer. 

For example, if the ink characteristics data includes the Second Embodiment 

values of viscosity and temperature coefficient of the ink, the The ink cartridge 3 of the first embodiment includes the 

CPU 5 determines drive voltage and drive time in accor- ROM 4. A second embodiment employs a capacitor 27 in 

dance with the values of viscosity and coefficient read from 55 place of the ROM 4. FIG. 2 is a block diagram of a serial 

the ROM 4 and ambient temperature. For higher values of printer of the second embodiment. 

the ink viscosity, the CPU 5 increases the drive voltage of The printer body 21 of the serial printer 20 includes an 

the print head 10 or applies the drive signal for a longer time. inverting amplifier 22 (hereinafter referred to as inverter 22), 

For lower values of the ink viscosity, the CPU 5 decreases feedback resistor 23 through which the output of the inverter 

the drive voltage of the print head 10 or applies the drive 60 22 is fed back to the input of the inverter 22, F/V converter 

signal for a shorter time. The print head of the first embodi- 24 that receives the output of the inverter 22, and A/D 

ment may be equipped with a temperature detecting means converter 25 that receives the output of the F/V converter 24. 

and the CPU 5 reads the detected temperature so as to The CPU 5 receives the output of the A/D converter 25. 

calculate the viscosity of ink at the detected temperature The ink cartridge 26 incorporates the capacitor 27, the 

from the temperature and viscosity versus temperature char- 65 leads of which, not shown, are exposed. The leads are 

acteristic. Then, the CPU selects the value and the waveform electrically connected to the input of the inverter 22 when 

of the drive voltage of the print head 10 in accordance with the ink cartridge is attached to the printer. The feedback 
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resistor 23, capacitor 27, and inverter 22 form an oscillator count to the CPU 5. The count is any value from 0 to n, n 

28 having a frequency determined by the electrical charac- being the maximum number of dots of the print head 10. The 

teristics of these circuit elements. The capacitance value of CPU 5 incorporates a register A, register B, and an adder, all 

the capacitor 27 represents a particular type or model of that being not shown. The register A temporarily stores the 

ink cartridge, so that the inverter 22 outputs a frequency 5 aforementioned count and the adder adds the content in the 

indicative of the type or model of that ink cartridge when the register A to the content in the register B. The sum is then 

ink cartridge 26 is attached to the carriage. The output outputted to the ink cartridge 33. 

frequency of the inverter 22 is converted by the F/V con- The writable memory 34 previously stores a single value 

verter 24 into a voltage which in turn is converted by the of identification data indicative of the kind of ink, not 

AID converter 25 into a digital value. The digital signal is 3Q shown, filled in the ink cartridge 33 as well as data indicative 

then inputted into the CPU 5. of the maximum count of dots that may be printed using the 

The rest of the construction of the ink cartridge is the cartridge filled up with ink. The writable memory 34 also 

same and the description thereof is omitted. includes a stack region 34a in which the count of the adder 

The printing operation of the serial printer 20 according to in the CPU is stored as cumulative count outputted from the 

the second embodiment will be described. CPU 5. A new, unused cartridge has a cumulative count of 

Upon attaching the ink cartridge 26 to the printer body 21, 15 zero. The writable memory 34 is provided with connection 

the capacitor 27 in the cartridge 26 is electrically connected terminals, not shown, which connect the connector provided 

to the input of the inverter 22, and the output frequency of on the carriage just as in the first embodiment upon attaching 

the oscillator 28 is directed to the F/V converter 24. The F/V the ink cartridge 33 to the carriage, 

converter 24 provides an analog voltage corresponding to The rest of the construction is the same as that of the first 

the capacitor value to the A/D converter 25. The A/D 20 embodiment and description thereof is omitted, 

converter 25 converts the voltage into a digital value. The The operation of identifying the ink cartridge 33 of the 

CPU 5 reads the digital signal as identification data of the serial printer according to the third embodiment will be 

ink cartridge and compares the read identification data with described with reference to FIGS. 3 and 4. FIG. 4 is a timing 

the reference data. If the identification data matches the chart of the serial printer 30 of the third embodiment, 

reference data, then the CPU 5 determines that the ink 25 When the CPU 5 receives print data E via the interface 8 

cartridge 26 attached to the printer is filled with ink suitable from a host apparatus for the first time after replacement of 

for use with the printer. It may be so arranged that the cartridge 33, the CPU 5 temporarily holds the print data E 

identification data is found to match the reference data if the in the memory 6 and reads the identification data stored in 

identification data is within a certain range associated with, the writable memory 34 of the ink cartridge 33. The control 

e.g., centered on the reference data. If the CPU 5 has not 30 program resident in the CPU 5 contains the address data D 

received print data from the host apparatus via the interface for accessing the identification data in the writable memory 

8, the CPU 5 enters standby condition; if the CPU 5 has 34. The CPU 5 reads the reference data stored in the memory 

received print data, the CPU 5 supplies the received data and 6 and compares the reference data with the identification 

print initiating signal to the print controller 7. The print data. If the identification data matches the reference data, the 

controller 7 causes the print head 10 to initiate printing 35 CPU 5 determines that the attached ink cartridge is filled 

operation. with ink suitable for use with the printer, and thus reads the 

If the identification data does not match the reference print data E temporarily held in the memory 6 in accordance 

data, the subsequent operation is the same as in the first with a spacing timing of the print head 10. The CPU 5 sends 

embodiment and therefore the description of the operation is the print data E, which was read out of the memory 6, to the 

omitted. A check for identifying the ink cartridge 26 may 40 print controller 7 and a print initiating signal F to the print 

also be performed upon turning on the serial printer or controller 7. 

shortly after replacement of ink cartridge. If the identification data does not match the reference 

In the second embodiment, the ink cartridge is identified data, then the printer operates just as in the first embodiment 

in terms of the output frequency of the oscillator 28. and therefore description thereof is omitted. 

Therefore, even if one makes a copy product of the ink 45 A check for identifying the ink cartridge 26 may also be 

cartridge by employing ink suitable for use with the printer, performed upon turning on the serial printer 31 or shortly 

such a copy product will not work properly unless the after replacement of the cartridge 33. 

capacitance is made with a high accuracy to resemble the Upon receiving the print initiating signal F from the CPU 

capacitance value of the genuine product reproduced. 5, the print controller 7 causes the print head 10 to print the 

The use of a capacitor makes the ink cartridge of the 50 dots corresponding to the print data E and also outputs the 

second embodiment more economical than that of the first same print data to the bit adder 32. The bit adder 32 

embodiment which uses a ROM. cumulatively counts the input bits received from the print 

Although the cartridge of the second embodiment incor- controller 7, and outputs its count H to the CPU 5. The CPU 

porates a capacitor, the capacitor may be replaced with an 5 temporarily holds the count H in the register A, and outputs 

inductor having an inductance indicative of the type or 55 an RD signal I (read signal) to the writable memory 34 to 

model of ink suitable for use with the printer. read the cumulative count C stored in the stack region 34a 

Third Embodiment and then store the cumulative count C into the register B. 

According to a third embodiment, an ink cartridge incor- The RD signal I controls the timing at which the count C is 

porates a writable memory 34, and the printer body 31 of the read out of the stack region 34a. The CPU 5 then adds the 

printer 30 is equipped with a bit adder 32 that counts the 60 contents (H and C) in the registers A and B together and the 

number of bits of input data. The writable memory may be sum is stored as a new cumulative count C back into the 

replaced by a battery backup memory such as RAM or a stack region 34a when the CPU 5 outputs a WR signal J to 

non-volatile memory such as EPROM and E 2 PROM. FIG. 3 the writable memory 34. The WR signal J controls the 

is a block diagram of a serial printer of the third embodi- timing at which the aforementioned sum (H+C) is written 

ment. 65 into the writable memory 34. 

The print controller 7 sends bits of logic 1 level to the bit The CPU 5 reads the data indicative of the maximum 

adder 32 which counts the number of input bits and sends its number of dots from the battery backup memory 34 and then 
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compares the data with the cumulative count outputted from 
the adder in the CPU 5 to detect the number of remaining 
dots indicative of the residual amount of ink. The difference 
between the maximum number of dots and the count out- 
putted from the adder in the CPU 5 indicates the number of 5 
bits that the ink cartridge can still print. When the difference 
has decreased to a small number, a "near end" lamp on the 
operation panel 9 comes on indicating to the user that the ink 
is about to run out, and an "ink end" lamp comes on when 
the number of remaining dots is zero indicating that the ink 10 
has been used up. 

The aforementioned operation is performed in every 
printing operation of data. 

In the third embodiment, when the cartridge is replaced 
with a partly-used cartridge, the number of remaining dots 15 
of the partly used cartridge may be readily calculated. Thus, 
it is more advantageous to store the number of printed dots 
into the writable memory 34 of the ink cartridge 33 than into 
the printer. 

Some printers allow the operator to adjust the brightness 20 
of a printed image and the tone of a printed color image to 
the operator's desire. Desired density of an image and color 
tone can be obtained by controlling discharge amount of ink 
in accordance with the settings. The operator's settings may 
be previously written into a writable memory provided in the 25 
ink cartridge and the discharge amount of ink may be 
controlled in accordance with the settings. This eliminates 
the need for making adjustments of the printer by the 
operator every time such a type of ink cartridge is attached 
to the printer. Writing desired settings into the ink cartridge 30 
eliminates the need for adjustment of printer when the 
operator uses the same ink cartridge with another printer or 
when the ink cartridge is replaced. The operator simply 
attaches the ink cartridge to that printer and the same picture 
quality is obtained. This eliminates complex steps when 35 
operating a printer. Standard settings may be previously 
stored in the ink cartridge during manufacture of the car- 
tridge so that the printing operation is carried out in accor- 
dance with the standard settings if the operator does not 
particularly want to print with his desired settings. 40 

The invention has been described with reference to an ink 
jet printer, the invention may be applicable to a wire dot type 
serial printer using an ink ribbon as an ink cartridge. 
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What is claimed is: 

1. A printer apparatus, comprising: 
a printer; and 

a print cartridge coupled to the printer; 
wherein the print cartridge includes 

a reactor having a reactance value indicative of a kind 

of the print cartridge; and 
first terminals connected to the reactor for coupling to 
the printer; and 
wherein the printer includes 

memory in which reference data is stored, the reference 
data indicating a kind of print cartridge suitable for 
use with the printer; 
second terminals coupled to the first terminals; 
circuit elements, connected to said second terminals, 
which are electrically connected to said reactor 
through said first terminals, wherein the circuit ele- 
ments and the reactor together form a circuit that 
produces cartridge data indicative of the kind of the 
print cartridge, based on the reactance value; and 
a controller for receiving the cartridge data and the 
reference data and for carrying out a printing operation 
only when the cartridge data corresponds to said ref- 
erence data; 

wherein said circuit is an oscillator that generates a signal 
having a frequency corresponding to said reactance 
value to identify the kind of the print cartridge indi- 
cated by the reactance value. 

2. The printer apparatus according to claim 1, wherein the 
reactor is a capacitor. 

3. The printer apparatus of claim 1, wherein the reactor is 
a discrete reactive element, 

4. The printer apparatus of claim 2, wherein the capacitor 
is a discrete capacitor device. 

5. The printer apparatus of claim 1, wherein the print 
cartridge further includes, in addition to the reactor, ink 
corresponding to the kind of the print cartridge. 

6. The printer apparatus of claim 5, wherein the printer 
further includes, in addition to the circuit elements, a print 
head, a spacing motor, and a line -feed motor. 

***** 
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